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Abstract 
In the future the use of tailored multi-material components will increase because of lightweight constructions. 
However for an optimal integration of different materials suitable joining techniques are necessary. This paper 
presents results of joining thermosetting composites to thermoplastics by means of laser-based hot-melt bonding. 
First the joining process of glass fiber reinforced plastics (GFRP) to thermoplastics is analyzed with regard to 
appropriate material selection of the thermoplastic joining partner. Then experiments are performed to join two 
thermosetting GFRP composites using a thermoplastic interlayer. All joined specimens are characterized by tensile 
shear tests whereby the influences of the used peel ply and the thermoplastic joining partner on the tensile shear 
strength are analyzed. Finally climate tests are performed to investigate the long-term durability of the joint 
connections. 
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1. Introduction 
The use of tailored multi-material components opens up new potential to reduce 
energy consumption by weight reduction. Therefore lightweight materials such as thermoplastics 
or thermosetting fiber reinforced plastics (FRP) are gaining importance in the next few years. For such 
a multi-material mix it is necessary to reach an intelligent integration of these different types of plastics. 
However according to the current state of the art the joining of thermosetting composite to thermoplastic 
is limited by available joining techniques. 
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Melting of thermosetting plastics is not possible due to their cross-linked macromolecules. Welding is 
therefore only feasible for thermoplastic matrix composites [1]. Dissimilar materials can be joined by 
means of adhesive bonding. However a major disadvantage of bonding is the time-consuming and 
complex surface preparation and the long curing time which can vary by product and type of adhesive 
between several minutes and several hours [2, 3]. For a mechanical connection with rivets or bolts holes 
have to be drilled into the composite whereby the fibers are cut and the flux of force in the fiber 
reinforced plastic is significantly influenced. This has to be considered in the component design. Besides 
the fact that mechanical linkage is not “fiber-friendly” the joining elements limit the lightweight design 
and the visual appearance [4, 5]. Motivated by the described deficits in this paper an innovative approach 
for joining glass fiber reinforced plastics (GFRP) with a thermosetting matrix to thermoplastics by means 
of laser-based hot-melt bonding is analyzed. 
2. Experimental 
2.1. Experimental setup, materials and objectives 
The joining process of laser-based hot-melt bonding is similar to laser transmission welding and 
requires a laser transmissive upper joining partner (here: GFRP). During the joining process the laser 
radiation is absorbed primarily by the lower joining partner (here: carbon black filled thermoplastic). The 
absorbed laser energy heats and melts the carbon black filled thermoplastic. In contrast to laser 
transmission welding only one joining partner melts. This thermoplastic melt acts as a hot-melt adhesive 
that wets the GFRP surface and leads to an interlocking of the joining partners. After cooling down of the 
thermoplastic melt (hot-melt adhesive) the dissimilar materials are permanently joined together. The 
laser-based hot-  = 940 nm, Pmax = 50 W). The overlap area 
Amax (w · l0 = 25 · 10 mm2) of the materials is scanned by the laser multiple times (Number of scans 
a = 10 - 20) with a high scanning speed (v = 650 mm/s - 1500 mm/s) so that the used thermoplastics are 
heated quasi-simultaneously. 
 
 
Fig. 1. Joining of thermosetting GFRP to thermoplastics by means of laser-based hot-melt bonding: (a) Cross section;(b) Top view 
 
In contrast to laser-based hot-melt bonding of CFRP as described in [6] for GFRP joining no surface 
laser treatment is needed. The GFRP samples are all manufactured with a defined surface structure that 
consists of studs or a micro roughness (see Fig. 2 a,b). The surface structures are realized by two different 
peel plys that are removed from the specimens after the fabrication process. 
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Fig. 2. Top view of used GFRP: (a) Surface with studs; (b) Surface with micro roughness 
 
In this paper the joining process of GFRP to thermoplastics is analyzed with regard to appropriate 
material selection of the thermoplastic joining partner. Therefore the most common engineering 
thermoplastics polycarbonate (PC) and polyamide (PA) are used for the experiments. The thermoplastics 
have various carbon black (CB) contents (0.01; 1; 2; 20 wt.% carbon black) and some of them are 
additionally filled with short glass fibers (30; 35 wt.% glass fibers (GF)). Besides the influence of the 
surface quality of GFRP (see Fig. 2 a,b) regarding joining of GFRP to thermoplastics is investigated. 
Finally experiments are performed to join two thermosetting GFRP composites using a thermoplastic 
interlayer. The process chain for joining these two materials is shown in Fig. 3. 
 
 
Fig. 3. Laser-based hot-melt bonding of two thermosetting GFRP using a thermoplastic interlayer 
2.2. Performed tests 
All joined specimens are characterized by microscopy and tensile shear tests according to DIN EN 
1465 whereby the influence of the used peel ply and the thermoplastic joining partner on the tensile shear 
strength are analyzed. The tests are performed on a Zwick / Roell machine (used parameters see Fig. 4 a). 
max is the maximum force and Amax the 
overlap area which is defined by the overlap length lo of the joining partners and the width w of the 
specimens:  
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Additionally climate shock tests with cycles between - 40 °C and +150 °C are performed to analyze 
the long-term durability of the joint connections. The tests are conducted in a Weiss TS temperature 
shock chamber with a transition time of 15 s between the cold and the hot chamber. The dwell time at 
each temperature is 15 min. The temperature profile for one cycle is shown in Fig. 7. Totally 500 cycles 
are carried out. 
b) Topview GFRP: Micro roughnessa) Topview GFRP: Studs
500 μm 500 μm
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Fig. 4. (a) Overview of used parameters for tensile shear tests; (b) Temperature cycles of the climate test 
3. Results and Discussion 
The experimental studies show that thermosetting GFRP and carbon black filled thermoplastics can be 
joined by laser-based hot-melt bonding. However the reachable tensile shear strength of the joint 
connection is highly dependent on the used thermoplastic and the surface quality of GFRP. 
In Fig. 5 a can be seen that the carbon black content of the used thermoplastic (here: polyamide) 
influences the tensile shear strength. The tensile shear strength for the fabricated joints of GFRP and 
polyamide reaches its maximum for a carbon black content of about 1 to 2 wt.% (about 8 MPa). This can 
be explained by the fact that for low carbon black content volume absorption of the used diode laser takes 
place. The higher penetration depth of the laser causes a volumetric heating of the thermoplastic and a 
reduction of the melt at the surface that can wet the GFRP surface. In contrast high carbon black content 
can cause a thermal degradation of the thermoplastic in the joining zone because of the high absorption of 
the laser radiation on the surface of the filled thermoplastic. This can be the reason for the significant 
reduction of the tensile shear strength for the joint connection with 20 wt.% carbon black. 
In addition to the carbon black content the tensile shear strength is also influenced by the glass fiber 
content of the thermoplastic. The GFRP specimens joined to unreinforced thermoplastics (here: 
GFRP + PC-CB1; GFRP + PA66-CB2) reach significantly lower tensile shear strengths (see. Fig. 5 b). 
An explanation for these results seems to be the rise of bending stiffness of the reinforced thermoplastics 
that leads to an approximation of the deformation behavior of the deformable thermoplastic and the rigid 
GFRP. This causes an appropriate loading condition on the joint connection. Another reason could be that 
the mechanical interlocking between the joining partners is enhanced by the reinforcing fibers. 
 
 
Fig. 5. (a) Tensile shear strengths of joints in dependence of the carbon black content of the used thermoplastics; (b) Tensile shear 
strengths of joints in dependence of the glass fiber content of the used thermoplastics 
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Besides the surface quality of GFRP has a major effect on the reachable tensile shear strength. For the 
experiments two different GFRP surface structures are used (see Fig. 2). These specimens are joined to 
PA66-CB2 and PA66-GF30-CB2. The cross-sections of these joint connections are shown in Fig. 6a-c.  
 
 
Fig. 6. (a) Micrograph of the cross-section of the joint connection GFRP with studs + PA66-CB2; (b) Micrograph of the cross-
section of the joint connection GFRP with micro roughness + PA66-CB2; (c) Detail of (b) 
 
The experiments show that a surface with micro roughness can cause higher tensile shear strengths 
than a surface with studs (see Fig. 7 a). For PA66 filled with 2 wt.% carbon black tensile shear strengths 
from 7.6 MPa up to 10.5 MPa can be realized. This can be explained by the fact that the surface with 
micro roughness has a larger effective joining area (see. Fig. 6 c). Additional reinforcing fibers in PA66 
(here: PA66-GF30-CB2) enhance the tensile shear strength in contrast to unfilled thermoplastics. Thereby 
a maximal value of 12.1 MPa can be achieved (see Fig. 7 a). 
 
 
Fig. 7. (a) Tensile shear strengths of joint connections in dependence of the used thermoplastics (PA66-CB2; PA66-GF30-CB2) 
and the surface structure (studs; micro roughness) of GFRP; (b) Comparison of tensile shear strengths of GFRP 
thermoplastic joint connections before and after climate test 
 
To investigate the long-term durability of the joint connections a climate test as described in chapter 
2.2 is performed. In Fig. 7 b it can be seen clearly that the tensile shear strengths of the joint connections 
are reduced after the climate test. The extreme and fast temperature change from -40 °C to +150 °C leads 
to an artificial aging of the polymers. This causes a thermal / thermal-oxidative degradation of the 
thermoplastic and effects the chemical composition and the mechanical properties [7]. Typical effects for 
aged polyamides are embrittlement of the surface layers, discoloration and cracking [8]. Glass fiber 
reinforced plastics are more temperature- and weather-resistant than unreinforced thermoplastics. This 
fact can also be seen in Fig. 7 b. After the climate test the joint connections with unreinforced 
thermoplastic have tensile shear strengths from about 3.6 MPa to 3.9 MPa. This means a reduction of 
about 49 % respectively 59 %. Whereas the decrease of tensile shear strength for PA66-GF30 is only 
about 38 %. The tensile shear strength after the climate test is still 6.6 MPa. 
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Additionally the laser-based hot-melt bonding of two thermosetting GFRP using a thermoplastic 
interlayer is investigated in this paper. In Fig. 8 it can be seen that tensile shear strengths from 10.6 MPa 
up to 13.1 MPa can be realized for a GFRP GFRP connection using a carbon black filled polyamide 
interlayer. The surface of the GFRP affects the maximum tensile shear strength as described for the GFRP 
thermoplastic joint connection. For both joint connections the surface is totally wetted by the 
thermoplastic. Conventional hot-melt adhesives reach tensile shear strengths of 10 MPa to 15 MPa [9]. 
Laser-based hot-melt bonding achieves comparable tensile shear strengths like conventional hot-melt 
bonding.  
 
 
Fig. 8. (a) Micrograph of the cross-section of a GFRP GFRP joint with studs at the surface; (b) Tensile shear strengths of the joint 
connections with a polyamide interlayer in dependence of GFRP surface; (c) Micrograph of the cross-section of a GFRP 
GFRP joint with a micro rough surface 
4. Conclusion and outlook 
The present work is focused on laser-based hot-melt bonding of glass fiber reinforced plastics (GFRP) 
with thermosetting matrix to laser absorbing thermoplastics. The performed experiments show that the 
used thermoplastics (here: polycarbonate (PC) and polyamide (PA) with various carbon black (CB) and 
glass fiber (GF) contents) which act as hot-melt adhesives have a major influence on the achievable 
tensile shear strengths. The best results for the performed experiments are realized for a carbon black 
content of about 1 to 2 wt.%. Lower or higher weight contents lead to a decrease of the tensile shear 
strength. Besides it is shown that the use of reinforcing fibers in the thermoplastic joining partner enable 
higher tensile shear strengths because of an additional mechanical interlocking between the joining 
partners and a better loading condition through adaption of the bending stiffness of both materials. 
Besides a focus of this paper is the influence of the surface quality of GFRP on joining of GFRP to 
thermoplastics. The experiments show that a surface with micro roughness can cause higher tensile shear 
strength than a surface with studs because of its larger effective joining area. In the end two thermosetting 
GFRP composites are joined by means of laser-based hot-melt bonding. As hot-melt a thermoplastic 
interlayer between the two joining partners is used. Thereby comparable tensile shear strengths like for 
conventional hot-melt bonding can be reached. The maximal tensile shear strength for a GFRP GFRP 
joint connection is about 13.1 MPa. All in all the reported experiments demonstrate that laser-based hot-
melt bonding is a suitable solution for joining GFRP to thermoplastics and GFRP to GFRP by the use of a 
thermoplastic interlayer.  
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